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Objectives   The aim of this study was to examine occupational class differences in working more than six 
months beyond the mandatory retirement age and factors that may contribute to these differences.
Methods    The study comprised a prospective cohort study of a total of 5331 Finnish municipal employees 
(73% women) who were not on work disability pension and reached the age eligible for old-age pension in 
2005–2011. Occupational class included four categories: managers and professionals, lower grade non-manual, 
skilled manual, and elementary occupations. Survey responses while at work were linked to national health and 
pension registers.
Results   A total of 921 participants (17.3%) worked beyond the pensionable age. Compared with elementary 
workers, skilled manual workers had a similar probability [gender-adjusted risk ratio (RR) 0.95, 95% confidence 
interval (95% CI) 0.72–1.23] while lower grade non-manual workers had a 2.03-fold (95% CI 1.59–2.58), and 
managers and professionals had a 1.79-fold (95% CI 1.41–2.27) probability of working beyond the pensionable 
age. Adjustment for physical workload (32.0% in lower non-manual, 36.7% in managers and professionals), 
work time control (20.4% and 11.4%) and perceived work ability (16.5% and 29.1%) contributed to the largest 
attenuation for these associations. Analyses using a counterfactual approach suggested greater mediated effects 
for physical workload and work time control than those observed in traditional mediation analyses.
Conclusions   Employees with higher occupational classes are two times more likely to continue working beyond 
the retirement age compared to those with lower occupational classes. A large proportion of these differences 
were explained by having physically light job, better work time control, and better self-rated work ability among 
employees with high occupational class.
Key terms   counterfactual; health; mediation working condition; socioeconomic.
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In Europe, the population is greying; in 1950, there were 
more than seven people of working age for every one 
of pension age but by 2050, the corresponding number 
will be fewer than two (1).  In order to deal with financ-
ing the increase in pension costs and halt the rise in the 
economic dependency ratio, many countries have made 
reforms to their pension systems, often implying a bet-
ter retirement income for people extending their work 
careers and correspondingly, a poorer retirement income 
for a shorter working life (1–3). Nonetheless, relatively 
little is known about factors that may motivate people to 
continue working after they have reached retirement age.
To date, there is extensive literature on character-
istics associated with early exit from the labor market 
due to disability retirement. For example, low occupa-
tional class (4–8), behavior-related risk factors [such as 
smoking (9, 10), heavy alcohol use (11), obesity (12) 
and low physical activity (10, 13)] as well as stress-
ful psychosocial working conditions (6, 7, 14) have 
been found to predict disability retirement. However, 
disability pensions only account for a minority of all 
pensions; a greater impact on the public economy may 
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come from the remaining working population having 
the potential to prolong their work careers voluntarily. 
Some studies have examined intentions (rather than 
actual decisions) of people to continue working after 
the age of 65 years and found that high education (a 
correlate of high occupational class), good physical 
health, and good psychosocial working conditions were 
associated with intentions to work longer (15–17). Some 
studies have focused on "bridge employment", that is, 
having a paid job after retirement. Those studies have 
found male gender, high education, having an employed 
spouse, being in good health and having good working 
conditions in one’s career job to predict a transfer to 
bridge employment (18–20). However, because bridge 
jobs typically involve a job change or a switch to self-
employment, the contribution of pre-retirement orga-
nizational characteristics or working conditions to the 
individual’s retirement choices is not well known. In 
one study from the US, higher psychological distress, 
higher role overload, and lower marital and family 
satisfaction predicted continued career employment in 
contrast to full retirement, whereas for work-related fac-
tors, a significant association was found for lower career 
goal achievement only (20). In our previous study, we 
found that employees with high occupational class, good 
mental health and high control over working times were 
more likely to work beyond the statutory pensionable 
age (21). Thus, occupational class appears to be one of 
the key determinants of extended work careers, but few 
studies have examined this in detail and we are aware 
of no investigations on explanatory factors for such 
occupational class differences.
In this prospective cohort study of Finnish public 
sector employees, we sought to quantify occupational 
class differences in employees’ decisions to work after 
the retirement age and to identify the contribution of 
work-, health- and behavior-related factors to these 
differences. Furthermore, we compared two different 
methods for examining such explanatory factors, the 
traditional "difference method" to quantify mediation 
(22, 23) and the new "counterfactual method" (24).
Methods
Context
The statutory (old-age) pension insurance in Finland 
consists of components, such as a national pension and 
a guarantee pension, which are not earnings-related, 
and an earnings-related pension. The earnings-related 
pension system covers the entire workforce, includ-
ing the self-employed. While the old-age pension is 
an extension of the work career, the disability pension 
provides financial security in the case of illness or injury. 
Part-time pension, in turn, enables an ageing employee 
to decrease his or her work contribution prior to retiring 
on an old-age pension. In 2005, a pension reform was 
implemented that included a substantial financial advan-
tage for those delaying retirement and all wage-earners 
were eligible to this scheme. The pension accrual rose 
between the ages 63–68 at an accelerating rate after the 
age of 65. The accrual for old-age pensions was smaller 
between the ages of 53–62. An individual pensionable 
retirement date was assigned to all employees and in 
some cases it was <63, depending on the occupation 
(eg, fire-fighters) and the year the employee entered the 
job. Our data were collected between 2005 and 2011. 
At that time, the target workplaces did not implement 
personnel reductions and, thus, there was no "push" for 
retirement by employers.
Participants and procedure
This study was part of the Finnish Public Sector Study, 
a prospective epidemiological cohort study of employ-
ees working in ten towns, which is coordinated by the 
Finnish Institute of Occupational Health (25) The ethics 
committee of Helsinki and Uusimaa Hospital District 
approved the study. As in our previous study (21), the 
data included municipal employees of the ten towns who 
were not retired for any reason and who were eligible 
for old-age pension after the pension reform on 1 Janu-
ary 2005. The inclusion criteria were: (i) participants 
were employed for ≥6 months during any year between 
1991–2005; (ii) were alive and either retired due to 
old age between 2005–2011 or were employed for >6 
months beyond their individual pensionable age between 
2005–2011; and (iii) during their employment responded 
to ≥1 study survey(s) administered in 2000–2001, 2004, 
and 2008; a total of 5372 employees. The latest survey 
response and the employers’ records for each participant 
were linked to national pension and health registers, 
resulting in 5331 participants (1446 men, 3885 women) 
with survey and register data. 
Measures
Occupational class was derived from employers’ reg-
isters and based on International Standard Classifica-
tion of Occupations (ISCO) 2001 at Statistics Finland 
(26). In this classification, there are ten hierarchically 
ordered occupational classes: (i) legislators, senior 
officers and managers; (ii) professionals (eg, medical 
doctors, dentists, teachers, computing professionals); 
(iii) technicians and associate professionals (eg, nurses, 
physiotherapists); (iv) clerks (eg, secretaries, library 
clerks, book-keeping clerks, cashiers, receptionists); (v) 
service workers (eg, cooks) and care workers (eg, child-
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care workers, practical nurses); (vi) skilled agricultural 
and fishery workers; (vii) craft and related trades work-
ers (eg, building traders workers, electronic mechanics 
and fitters); (viii) plant and machine operators and 
assemblers; (ix) elementary occupations (eg, cleaners, 
kitchen helpers, construction and maintenance labor-
ers); and (x) armed forces, separate from the hierarchy 
(not in the present data). Due to small numbers in some 
occupational groups, we combined some classes and 
labelled the new groups as "managers and professionals" 
(classes 1 and 2), "lower grade non-manual" (classes 3 
and 4), "skilled manual" (classes 5 to 8) and "elementary 
workers" (class 9).
Pensionable date was determined based on data from 
the pension insurance Institute for the public sector in 
Finland (Keva), including the individual pensionable 
retirement date assigned to each participant. Type and 
date of actual retirement were obtained from the register 
kept by the Finnish Centre for Pensions, which covers 
all pensions in Finland. As previously, the outcome – 
"working beyond the pensionable age" - was defined 
as staying employed for over six months beyond the 
individual pensionable date (21). "Not working" denoted 
those who retired on a statutory basis no later than six 
months after the pensionable date. Pensionable age (age 
when eligible to pension) was derived from pensionable 
date and date of birth.
Work-related factors were derived from the last sur-
vey response: any shift work (yes/no); night work (yes/
no); physical workload (from a single-item question on 
physical strenuousness at work: rather/very strenuous 
vs. rather/very light); job strain (27) (measured as a 
difference between psychological job demands and job 
control and dichotomized as the highest tertile versus the 
other two tertiles); work time control (28) (mean score 
of seven items concerning employee’s influence over 
starting and ending times of the work day, breaks during 
the day, scheduling the shifts and total working hours) 
which was dichotomized as the lowest tertile versus the 
other two tertiles. Information on part-time pension (yes/
no) was derived from the register kept by the Finnish 
Centre for Pensions.
Health-related factors included having at least one 
major chronic somatic disease (yes/no): cardiovascular 
disease (coronary artery disease, chronic heart failure, 
stroke), chronic hypertension, diabetes, mental disor-
ders, musculoskeletal disorders, cancer, and asthma. 
For these, we collected information from several data 
sources; prescribed medicines and entitlements to spe-
cial reimbursements for a chronic disease and diagno-
sis-specific sickness absence of >9 days from Social 
Insurance Institution of Finland; diagnosis-specific 
hospitalization from the National Institute for Health and 
Welfare; and cancer from the Finnish Cancer Registry. 
The register-based information covered five years before 
the individual pensionable date and was successfully 
linked to all participants. Data on cardiovascular dis-
eases, diabetes, mental disorders, musculoskeletal disor-
ders, and asthma were completed by survey responses to 
a check-list of doctor-diagnosed chronic diseases. From 
this information, we derived a separate variable for his-
tory of mental disorder (yes/no). Psychological distress 
was measured using the GHQ-12 (12-item version of the 
General Health Questionnaire) (29) in which caseness 
was defined as a positive response to 4 or more items 
(30) Self-rated work ability was elicited by a question 
about current work ability compared with the respon-
dent’s lifetime best (worded as "Assume that your work 
ability at its best has a value of 10 points. What score 
would you give your current work ability?"), the scale 
ranging from 0 = not able to work at all, 10 = my best 
work ability ever (31). In this study, work ability was 
dichotomized into good (8–10 points) and reduced (0–7 
points), as previously (32).
Behavior-related factors included self-reported cur-
rent smoking (yes/no), high alcohol use (>192 g/week 
for women; >288 g for men) (33), obesity (body mass 
index of ≥30 kg/m2, based on self-reported height and 
weight), and self-reported low leisure-time physical 
activity (<2.0 metabolic equivalent task [MET] hours 
per day); one MET hour corresponding to approximately 
30 min of walking per day (34).
Covariates were obtained from employers’ registers 
(gender, age), and survey responses (marital status; 
married or cohabited versus single, divorced/separated, 
or widowed).
Statistical analysis
We examined differences between occupational class 
categories and work-, health- and behavior-related 
explanatory factors using χ2 test. To examine the asso-
ciation between occupational class and working beyond 
the retirement age, we used log-binomial regression 
models, and expressed the associations using risk ratios 
(RR) and their 95% confidence intervals (95% CI). Log-
binomial analysis is recommended when the outcome 
event is common, as in this case (17.3%). Similarly, we 
examined the associations between work-, health- and 
behavior-related factors and working beyond the retire-
ment age. We observed no interaction between gender 
and occupational class associated with the outcome (P 
for interaction=0.17) and therefore men and women 
were analyzed together and the models were adjusted 
for gender. To be a "mediator" (explanatory factor), a 
variable needs to represent a step in the causal chain 
between  the exposure (occupational class) and the 
outcome (working beyond the pensionable age) and 
therefore be correlated with both (35). We estimated the 
PERM (percentage of excess risk mediated) as: PERM 
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= risk ratio (gender adjusted) – risk ratio (gender and 
explanatory factor adjusted)/[risk ratio (gender adjusted) 
- 1] × 100.
The above described mediation analysis is referred 
to as the traditional "difference method", based on the 
Baron and Kenny’s method (22, 23) which, however 
assumes no interaction between exposure and mediator. 
Unlike traditional approaches, the new causal inference 
methods based on the counterfactual framework allow 
for effect decomposition into direct and indirect effects 
in the presence of exposure–mediator interactions. When 
omitting interaction, the estimate of the indirect effect 
may be biased downwards and correspond to estimates 
obtained from the traditional method (23, 24). Here, we 
used a "counterfactual method" for comparison, as sug-
gested by Valeri & VanderWeele (24), to perform analy-
ses with dichotomous exposure, mediator and outcome 
variables. All statistical analyses were performed with 
SAS 9.4 (SAS Institute, Cary, NC, USA).
Results
There were significant differences in almost all work-, 
health-, and behavior-related factors by occupational 
class, except in psychological distress (supplementary 
table A, www.sjweh.fi/index.php?page=data-repos-
itory). Women, non-married or cohabiting, shift and 
night workers, those reporting physical workload, job 
strain, poor work time control and reduced work ability, 
those with a record of chronic somatic disease, smoking, 
obesity and low physical activity were more likely to 
be in lower occupational classes. Recorded history of 
mental disorder treatment and self-reported alcohol use 
above recommended limits was more common among 
managers, professionals and lower grade non-manual 
workers than skilled manual and elementary workers. 
Part-time retirement was most common among lower 
grade non-manual and least common among skilled 
manual workers. Individual pensionable age (age when 
eligible for full pension) was 63–65 years for the major-
ity of employees (76.7%). The mean pensionable age 
was 63.4 [standard deviation (SD) 1.7] years; 62.6 
(SD 2.0) among skilled manual workers, 63.2 (SD 1.6) 
among lower non-manual workers, 63.9 (SD 1.2) among 
elementary occupations, and 63.9 (SD 1.3) among man-
agers and professionals (data not shown).
On average, 17.3% (N=921) extended their employ-
ment more than six months beyond the pensionable 
age (supplementary table A, www.sjweh.fi/index.
php?page=data-repository). Higher proportions were 
found among managers and professionals (20.8%) and 
lower grade non-manual workers (23.0%) while lower 
proportions were found among skilled manual (11.3%) 
and elementary workers (10.4%). Pensionable age was 
associated with extended work career: of those with 
57–61 years, 10.9% extended; of those with 62–63 
years, 18.3% extended; and of those with 64–65 years, 
18.6% extended (data not shown).
Gender-adjusted comparisons between occupational 
groups are presented in table 1, showing a probability of 
0.95 (95% CI 0.72–1.23) for skilled manual, 2.03 (1.59–
2.58) for lower grade non-manual, and 1.79 (1.41–2.27) 
for managers and professionals to extend their employ-
ment when compared to elementary occupations. Adjust-
ment for age or pensionable age had minor effects on the 
estimates (data not shown).
The associations between potential work-, health- 
and behavior-related explanatory factors and working 
beyond the pensionable age are presented in supple-
mentary table B (www.sjweh.fi/index.php?page=data-
repository). Men, non-married, full-time workers, day 
workers, those with low physical workload, low job 
strain, high work time control, no chronic somatic dis-
ease, no psychological distress, good work ability, and 
no obesity had a greater likelihood of working longer.
A summary of the potential explanatory factors is 
presented in supplementary table C (www.sjweh.fi/
index.php?page=data-repository). The requirements 
for an explanatory factor are: (i) association with occu-
pational class and (ii) association with the outcome. 
Marital status and history of mental disorder treat-
ment (marked with -) were unlikely explanatory factors 
because of their inconsistent associations with occupa-
tional class and working beyond pensionable age poten-
tially leading to negative PERM estimates. Part-time 
retirement, psychological distress, smoking, alcohol use 
and low physical activity (marked with + and brackets) 
were only associated with either occupational class or 
outcome, thus being unlikely explanatory factors but 
were included in further analyses to confirm this. A like-
lihood of being an explanatory factor was marked with 
+ (shift work, night work, job strain, somatic disease, 
obesity) and a strong likelihood was marked with ++ 
(physical workload, work time control, work ability).
Serial adjustment for potential explanatory factors 
and their PERM explaining occupational class differ-
ences in extended employment using traditional media-
tion analysis are presented in table 1. Elementary work-
ers were assigned as the reference group. We did not 
assess reduction of the estimates between skilled manual 
and elementary workers because there was no differ-
ence in the likelihood of working beyond the retirement 
age between these groups. The largest reductions in 
RR for "lower grade non-manual" and "managers and 
professionals" were found after adjusting for physical 
workload (32.0% and 36.7%, respectively), work time 
control (20.4% and 11.4%), and work ability (16.5% and 
29.1%). Together, adjustment for work-related factors 
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reduced 41.7% and 41.8% the excess likelihood of lower 
grade non-manual and managers and professionals to 
extend their work career, respectively. The correspond-
ing percentages for all health-related factors were 14.6% 
and 27.8%. Health behaviors did not contribute to the 
associations. When all potential explanatory variables 
were entered simultaneously to the model, the PERM 
were 43.7% for the difference between elementary and 
lower grade non-manual workers and 51.9% for the 
difference between elementary workers and managers 
and professionals.
The results from counterfactual-based mediation 
analyses in comparison with the traditional approach are 
presented in tables 2, 3, and 4. Here, we dichotomized 
occupational class groups into high (managers and pro-
fessionals combined with lower grade non-manual) and 
low (skilled manual combined with elementary workers) 
because the occupational groups merged together had 
similar probabilities of extending their employment. We 
focused on the three major mediators, physical workload, 
work time control and perceived work ability. As shown 
for physical workload in table 2, the controlled direct 
effect for the association between occupational class 
and extended working (a model adjusted for gender and 
physical workload) was 1.69 (95% CI 1.44–1.98) in the 
traditional approach and the counterfactual approach not 
allowing interaction; the mediated effect was 28.1% in 
the first and 29.1% in the latter approach. When allow-
ing interaction between exposure and mediator in the 
counterfactual approach, the natural direct effect was 
RR=1.60 (95% CI 1.34–1.91); this represents the effect of 
high occupational class on future employment if physical 
workload among all participants was at the same level as 
it was among people with low occupational class. The 
natural indirect effect was 1.23 (95% CI 1.10–1.38). This 
indicates that, by being associated with lower physical 
workload, high occupational class indirectly increases 
the likelihood of extended employment (24, 36). The 
total mediated effect, including both direct and indirect 
mediated effects, was 38.0%, and thus higher than that 
obtained from the traditional mediation analysis (28.1%). 
We then examined the interaction between exposure 
(occupational class) and mediator (physical workload) 
associated with the outcome. In stratified analysis exam-
ining the exposure-mediator interaction, the likelihood 
of extended working was RR=1.44 (95% CI 1.17–1.77) 
times higher for low compared to high physical workload 
among participants with high occupational class. The 
corresponding RR was 1.14 (95% CI 0.87–1.50) among 
participants with low occupational class. However, the 
interaction term did not reach statistical significance at 
conventional levels (P=0.13).
Results from the traditional and counterfactual analy-
ses for work time control as a mediator are presented 
in table 3. Controlled direct effect in the traditional 
and counterfactual model not allowing interactions was 
RR=1.83 (95% CI 1.60–2.10). In the analysis allowing 
interaction, RR for controlled direct effect, natural direct 
effect and natural indirect effect were 1.38 (1.07–1.77), 
1.78 (1.55–2.05) and 1.10 (1.07–1.14), respectively. 
Work time control explained 13.5% of the total effect of 
the association between occupational class and extended 
Table 1. Association between occupational class and extended employment with serial adjustments for different explanatory factors 
(N=4886). All separate analyses are adjusted for gender. [PERM=percentage of excess risk mediated (calculated against the gender-adjusted 
estimate); RR=relative risk; 95% CI=95% confidence interval.]
Adjustments Elementary 
occupations
Skilled  
manual
Lower grade  
non-manual
PERM Managers and 
professionals
PERM
Reference RR 95% CI RR 95% CI % RR 95% CI %
Unadjusted 1.00 0.97 0.75–1.27 2.05 1.61–2.61 . 1.84 1.45–2.33 .
Adjusted for gender 1.00 0.95 0.72–1.23 2.03 1.59–2.58 reference 1.79 1.41–2.27 reference
+part-time retirement 1.00 0.92 0.70–1.19 2.03 1.59–2.58 0 1.78 1.40–2.26 1.3
+shift work 1.00 0.95 0.73–1.24 1.99 1.56–2.54 3.9 1.73 1.36–2.21 7.6
+night work 1.00 0.96 0.73–1.25 2.04 1.60–2.59 -1.0 1.79 1.41–2.27 0
+physical workload 1.00 0.92 0.71–1.21 1.70 1.31–2.22 32.0 1.50 1.15–1.95 36.7
+job strain 1.00 0.94 0.72–1.22 1.97 1.55–2.52 5.8 1.72 1.35–2.20 8.9
+work time control 1.00 0.95 0.72–1.24 1.82 1.42–2.33 20.4 1.70 1.33–2.17 11.4
+all above work factors 1.00 0.91 0.69–1.20 1.60 1.22–2.10 41.7 1.46 1.12–1.91 41.8
+chronic somatic disease 1.00 0.95 0.73–1.24 2.02 1.58–2.57 1.0 1.75 1.38–2.22 5.1
+psychological distress 1.00 0.95 0.73–1.23 2.02 1.59–2.57 1.0 1.79 1.41–2.27 0
+work ability 1.00 0.91 0.70–1.18 1.86 1.46–2.36 16.5 1.56 1.23–1.98 29.1
+all above health indicators 1.00 0.92 0.70–1.19 1.88 1.47–2.38 14.6 1.57 1.24–1.99 27.8
+smoking 1.00 0.94 0.72–1.23 2.02 1.59–2.57 1.0 1.78 1.40–2.26 1.3
+alcohol use 1.00 0.95 0.72–1.23 2.03 1.59–2.58 0 1.79 1.41–2.27 0
+obesity 1.00 0.94 0.72–1.23 2.01 1.58–2.56 1.9 1.77 1.39–2.24 2.5
+physical activity 1.00 0.95 0.72–1.24 2.03 1.59–2.58 0 1.79 1.41–2.28 0
+all above lifestyle factors 1.00 0.97 0.74–1.26 2.03 1.60–2.59 0 1.81 1.42–2.30 -2.5
+ all covariates 1.00 0.91 0.69–1.20 1.58 1.21–2.07 43.7 1.38 1.06–1.80 51.9
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employment in the traditional analysis and 19.0% in the 
counterfactual analysis. We found a significant interaction 
(P=0.007) between exposure and mediator associated 
with the outcome; high work time control was associated 
with 1.11-fold (95% CI 0.87–1.41) and 1.68-fold (95% 
CI 1.40–2.02) higher probability of extended employ-
ment among participants with low and high occupational 
classes, respectively, thus being a stronger predictor 
of future employment among high-occupational-class 
participants.
The findings for perceived work ability (table 4) sug-
gested a different pattern: the proportion mediated effect 
was 17.2% in the traditional and 16.9% in counterfactual 
analysis allowing interaction, thus, allowing interaction 
did not increase the proportion mediated. There was no 
interaction between occupational class and work ability 
associated with extended employment (P=0.70).
We also considered several confounding factors. The 
corresponding mediation analyses with multivariable 
adjustments are presented in supplementary tables D 
to F (www.sjweh.fi/index.php?page=data-repository). 
There were no major differences between multivariable-
adjusted and gender-adjusted analyses except that effect 
estimates were lower and proportions mediated were 
somewhat smaller in multivariate adjusted models.
Discussion
This study examined occupational class differences in 
working beyond the individual retirement age among 
non-disabled employees reaching the age of retirement. 
We found that lower grade non-manual employees and 
managers and professional had approximately a two-fold 
greater likelihood of extending their work career when 
compared to those with elementary occupations and 
skilled manual work. Assessment of potential explana-
tory factors suggested that perceived physical workload, 
work time control and perceived work ability had the 
greatest contribution in explaining the occupational 
class differences, each explaining 11% to 37% of the 
observed associations.
Additional counterfactual analyses suggested that 
with regard to physical workload and work time control, 
our main analyses, based on the traditional difference 
method, might have had provided an underestimate of 
the mediated effects. We also found that associations of 
physical workload and work time control were some-
what stronger in the high occupational class groups 
than those with lower occupational class, indicating 
the presence of interaction. Counterfactual analysis, 
but not the difference method, takes into account such 
exposure-mediator interactions. We found no evidence 
of interaction for work ability; as expected, this resulted 
Table 2. Traditional and counterfactual mediation analysis on the 
association between occupational class (exposure) a and extended 
employment (outcome), with physical workload as a mediator. 
[RR=risk ratio; 95% CI=95% confidence interval.]
Method of analysis RR 95% CI Proportion 
mediated 
(%)
Traditional analysis
High vs low occupational class 1.96 b 1.71–2.24 
High vs low occupational class 1.69 c 1.44–1.98 28.1
Counterfactual analysis b
Interaction (exposure × mediator)  
not allowed; high vs low occupational  
class (effect)
Controlled direct 1.69 1.44–1.98
Natural direct 1.69 1.44–1.98
Natural indirect 1.17 1.07–1.27
Total 1.97 1.72–2.26 29.1
Interaction (exposure × mediator)  
allowed; high vs low occupational  
class (effect)
Controlled direct 1.48 1.17–1.88
Natural direct 1.60 1.34–1.91
Natural indirect 1.23 1.10–1.38
Total 1.96 1.71–2.25 38.0
a High occupational class includes low-grade non-manual workers, man-
agers and professionals. Low occupational class includes elementary 
occupations and skilled manual workers.
b Adjusted for gender.
c Additionally adjusted for physical workload.
Table 3. Traditional and counterfactual mediation analysis on the 
association between occupational class (exposure) a and extended 
employment (outcome), with work time control as a mediator. 
[RR=risk ratio; 95% CI=95% confidence interval.]
Method of analysis RR 95% CI Proportion 
mediated 
(%)
Traditional analysis
High vs low occupational class 1.96 b 1.71–2.25
High vs low occupational class 1.83 c 1.60–2.10 13.5
Counterfactual analysis b
Interaction (exposure × mediator)  
not allowed; High vs low occupational  
class (effect)
Controlled direct 1.83 1.60–2.10
Natural direct 1.83 1.60–2.10
Natural indirect 1.08 1.05–1.10
Total 1.97 1.72–2.26 14.2
Interaction (exposure × mediator)  
allowed; High vs low occupational class
Controlled direct effect 1.38 1.07–1.77
Natural direct effect 1.78 1.55–2.05
Natural indirect effect 1.10 1.07–1.14
Total effect 1.96 1.71–2.25 19.0
a High occupational class includes low-grade non-manual workers,  
managers and professionals. Low occupational class includes elemen-
tary occupations and skilled manual workers.
b Adjusted for gender.
c Additionally adjusted for work time control.
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almost identical proportion mediated shown by the 
traditional and counterfactual approaches. Our findings 
are in agreement with VanderWeele & Vansteelandt’s 
hypothesis (37) that the traditional and counterfactual 
approaches will coincide only when there is no expo-
sure-mediator interaction and that ignoring interaction 
leads the estimate of the indirect effect to be biased 
downwards (23, 24).
Our findings are also in line with previous studies 
showing that low occupational class is associated with 
disability retirement (4–7) and that high education is 
associated with a transfer from career job to bridge 
employment (18–20). However, ours is the first study to 
examine the contribution of work and non-work related 
factors to occupational class differences in this context. 
A US study examined continued career employment but 
did not specifically focus on occupational class (20). 
In that study, lower career goal achievement before 
the retirement age was the only work-related predic-
tor of longer career employment. We did not observe 
a clear occupational gradient; higher and lower grade 
non-manual employees were equally likely to work 
beyond the pensionable age while skilled manual and 
elementary workers were equally less likely to do so 
– even though we found several differences in work-, 
health- and behavior-related factors.
Physical workload was strongly associated with 
occupational class and it is often considered a core 
element of manual work. Risk factors for experienced 
physical workload are posture, movements, force, lack 
of recovery, and combinations of these exposures; thus, 
physical workload can be considered a function of work 
exposures and individual resources (eg, physical fitness 
and recovery options during work and leisure time) 
(38). In our study, 16% of managers and professionals 
and 21% of lower grade non-manual workers reported 
high physical workload while 15% of elementary work-
ers and 30% of skilled manual workers reported low 
physical workload. Employees in office work may have 
monotonous albeit not strenuous physical work tasks, 
which still expose them to physical workload towards 
neck, shoulder, upper arms, and wrists (38). How-
ever, physical workload was strongly associated with 
elementary occupations, and adjustment for physical 
workload explained about a third of the occupational 
class differences.
Of the psychosocial factors at work assessed, only 
work time control remarkably contributed to occupa-
tional class differences in extended work career, by 
reducing 20% and 11% of the estimates. High work 
time control may be beneficial to work–life balance 
among older workers, for example, by enhancing fam-
ily and social commitments as well as possibilities to 
adjust personal work ability to varying life and work 
circumstances (39). Previously, high work time control 
has been associated with lower sickness absence and 
work disability rates (28, 40). Our findings suggest that 
work time control particularly motivates higher-grade 
employees to extend their work career and therefore 
support the relevance of future intervention studies to 
examine the effects of increased work time control in 
greater detail.
A third major contributor to occupational class dif-
ferences was perceived work ability, explaining 16.5% 
of the greater likelihood of lower grade non-manual and 
29% of the greater likelihood of managers and profes-
sionals to work longer. A slightly surprising observation 
was that the prevalent diseases per se did not explain 
occupational class differences but instead, a perception 
of one’s work ability played a major role. This sug-
gests that own assessment of work ability might predict 
occupational class differences in working longer better 
than the presence of chronic disease, of which many are 
asymptomatic or may be well controlled by treatment. 
One’s experience of impaired work ability may therefore 
be a proxy for a broad range of biomedical and psycho-
social factors that affect the ability and willingness to 
work. Thus, management approaches which emphasize 
adjusting the work tasks to impaired work ability and 
supporting older workers with disabilities might be 
useful when aiming towards longer work careers (41).
Our findings suggesting a negligible role of health 
behaviors are in accordance with a previous study 
which reported no contribution of health behaviors to 
occupational class differences in work disability retire-
Table 4. Traditional and counterfactual mediation analysis on the 
association between occupational class (exposure) a and extended 
employment (outcome), with perceived work ability as a mediator
Method of analysis RR 95% CI Proportion 
mediated 
(%)
Traditional analysis
High vs low occupational class 1.99 b 1.73–2.28
High vs low occupational class 1.82 c 1.59–2.09 17.2
Counterfactual analysis b
Interaction (exposure × mediator) not allowed; 
High vs low occupational class (effect)
Controlled direct 1.82 1.59–2.09
Natural direct 1.82 1.59–2.09
Natural indirect 1.09 1.06–1.11
Total 1.98 1.73–2.28 16.4
Interaction (exposure × mediator) allowed;  
High vs low occupational class (effect)
Controlled direct 1.75 1.36–2.25
Natural direct 1.82 1.58–2.09
Natural indirect 1.09 1.06–1.12
Total 1.98 1.73–2.27 16.9
a High occupational class includes low-grade non-manual workers, man-
agers and professionals. Low occupational class includes elementary 
occupations and skilled manual workers.
b Adjusted for gender.
c Additionally adjusted for work ability.
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ment (8) but are in contrast with another study in which 
health behaviors explained a third of the socioeconomic 
status differences (42). However, because our cohort 
comprised non-disabled participants who all continued 
until their old-age pension, the studies are not fully 
comparable. It seems that work-related factors, such as 
physical working conditions and work time control, as 
well as work ability based on a person’s own evalua-
tions, are more important in this context.
The main strengths of this study are its large scale 
and prospective design. Information on the date when 
the employee was eligible to pension and the actual 
retirement date were based on nationwide municipal 
pension register which are considered highly accurate. 
National health registers completed by survey responses 
were used to assess chronic diseases. This means that 
undiagnosed and untreated cases were not detected. The 
assessment of work-related factors and work ability was 
based on self-reports instead of objective measurement, 
which might be affected by response style. Although 
our study sample represents well the Finnish municipal 
workforce, the findings may not be generalizable to the 
whole Finnish working population or countries with dif-
ferent pension systems. As in all observational studies, 
we were not able to eliminate residual confounding by 
imprecisely measured or unmeasured factors. A causal 
interpretation is possible only when all potential con-
founding variables have been controlled for, including 
confounding between the exposure and the outcome, 
the mediator and the outcome, the exposure and the 
mediator, and in addition, confounding in the mediator-
outcome association that is affected by the exposure 
(24). In our study, the measured work-, health- and 
behavior-related factors could explain about half of 
the observed associations; thus, the unexplained part 
remains to be investigated in future studies.
In summary, this study, carried out among public 
sector employees, found that people with higher occu-
pational classes are twice as likely to continue working 
beyond the retirement age compared to those with lower 
occupational classes. Factors explaining this difference 
included physically lighter job, better work time control 
and better self-rated work ability. Focused intervention 
studies among ageing workers are needed to investigate 
their potential to reduce occupational class differences 
in the length of work careers.
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